Backgrounds/Aims: Perioperative surgical site infection (SSI) remains a morbid complication even in successful surgical procedures. We encountered an unusual experience of a methicillin-resistant Staphylococcus aureus (MRSA)-related SSI outbreak in our hospital; therefore, we conducted an epidemiologic analysis to determine the origin of SSIs due to MRSA. Methods: Among 102 consecutive patients who underwent hepatobiliopancreatic operations, SSIs occurred in eight cases. Infection surveillance regarding the operative environment was carried out. We analyzed the possible risk factors for this infectious outbreak in our institution. Results: Patients with SSI tended to be older (p=0.293), had variable operation fields (p=0.020), more cancer-related operation (p=0.003), less laparoscopic surgery (p=0.007), performed in operation room 1 (p=0.004), prolonged operation time (p＜0.001) and had longer hospital stays (p=0.002). After propensity score (PS) matching, there was the only significant difference in the participation of surgeon D as a second assistant (p=0.001) between the SSI and non-SSI group. After PS matching, surgeon D as a second assistant was the only significant risk factor for MRSA SSI in the univariate (p=0.001) and multivariate analysis (p=0.004, hazard ratio=25.088, 95% confidence interval=2.759-228.149). Conclusions: Outbreak of SSIs occurred due to transmission of MRSA from a surgeon to patients despite the standard regulation of infection control. These SSIs were associated with an excessive incidence of surgeon's nasal and hand carriage of the MRSA strain identified in the surgeon via cultures. We recommend the preoperative regular nasal and hand screening for MRSA among surgeons. 
INTRODUCTION
Perioperative surgical site infection (SSI) remains a morbid complication even in successful surgical procedures.
Staphylococcus aureus is the most common causative pathogen in SSIs and is a common risk factor of healthcare worker-related morbidity and mortality. 1 Moreover,
S. aureus accounts for a third of all SSIs according to the
National Healthcare Safety Network report. 2 In particular, methicillin-resistant S. aureus (MRSA) has been an important causative pathogen of global healthcare and community-acquired infections. 3, 4 The primary route of MRSA transmission is from patients to patients, from the environment to the patient, or even contact with the healthcare workers' hands. 5 The most important transmission route usually involves contaminated hands. Microorganisms from the hands of the surgeon, organisms found in the operating room, or organisms from other surgical staff members are often causes of SSIs. 6 Healthcare workers are expected to play an important role in MRSA transmission because the average rate of MRSA colonization among healthcare workers has been estimated at 4.6-6%. 7, 8 A decrease in the incidence of SSI due to S. aureus screening and decolonization has directly attention towards preoperative S. aureus carriage. 9 Healthcare workers have been known as an important source of SSIs, such as SSIs originating from a pair of perforated surgical gloves of a surgeon harboring known colonies of S. aureus in his/her nose. Air-borne intraoperative infection is another common transmission pathway. A previous study reported a case of postoperative SSI due to S. aureus disseminated via droplets from an operating room staff member with eczema, who was later identified as the disperser of the outbreak strain. 10 A systematic review showed that 11 out of 191 nosocomial outbreaks of MRSA might have been caused by healthcare workers. Asymptomatic carriers were thought to be the cause in 3 of these SSI outbreaks. 11 We encountered an unusual experience of a MRSA-related SSI outbreak in the hepatobiliopancreatic surgery division in our institution; we therefore performed an epidemiologic analysis to identify the origin of this outbreak.
The aim of this study was to determine the origin of MRSA that was responsible for the SSI outbreaks. 12 We compared the perioperative characteristics between the patients with the SSI and those without SSI.
MATERIALS AND METHODS

Study design
We then attempted to identify the possible risk factors of this infectious outbreak within our institution.
We divided hospital staff members into surgeons, first assistants, and second assistants according to the intraoperative role in the surgical field. Three surgeons (from A to C) or eight assistants (from B to I) participated in the operations and some operations were performed without an assistant. We then examined the proportion of participation of hospital staff members as a surgeon, first assistant, or second assistant in the operations. We compared the clinical data between the group of patients with SSIs (SSI group) and the patients without SSIs (non-SSI group) before and after PS matching (Table 1) .
Microbiological surveillance
SSI group tended to be older (p=0.293), had variable op- We compared surgeons' factors between the SSI and non-SSI groups (Table 2 ). In the SSI group, surgeon A performed operation significantly (p=0.008), surgeon C participated operation as a first assistant significantly (p= 0.002), and surgeon D participated operation as a second assistant significantly (p＜0.001). The MRSA nasal and hand carriage of second assistant was found to be significantly higher in the SSI group (p=0.011 and p=0.019).
After PS matching, there was the only significant difference in the participation of surgeon D as a second assistant (p=0.001).
Results of infectious surveillance
Nasal swab culture and hand culture of samples obtained from the surgical team were carried out (Table 3) MRSA nasal carriage (p=0.015), and MRSA hand carriage (p=0.024) were significant factors for SSI in our study (Table 4 ). In the multivariate analysis before PS matching, there was no significant risk factor for MRSA-related SSI.
After propensity score matching, surgeon D as a second assistant was the only significant risk factor for MRSA SSI in univariate (p=0.001) and multivariate analysis (p= 0.004, hazard ratio=25.088, 95% confidence interval=2.759-228.149).
DISCUSSION
This observational, retrospective, and epidemiologic study was conducted to establish the origin of a S. aureus outbreak, which was eventually identified via detection of nasal and hand MRSA carriage in a healthcare worker, a surgeon in particular. The exact position where the dissemination occurred was, however, not recognized. While some reports propose that healthcare workers with MRSA carriage are infection targets rather than offenders of outbreaks, 15 other reports have focused on the significance of MRSA carriage in healthcare workers in SSI outbreaks. 16, 17 In our study, surgeon D had hand and nose MRSA carriage, and the colonies could not be completely eradicated healthcare workers. 19 In our study, the mean operation time in SSI group was 265±91 minutes, which meant that the probability of defects to the surgical gloves became increased. Makama et al. 20 have demonstrated that the longer the duration of operation, the greater the risk of surgical glove perforation in the randomized controlled study.
They also reported that second assistant had a higher perforation rate of surgical glove. At the end of the operation, fascia closure suturing was mainly performed by the first and second assistant, and skin suturing was performed primarily by the second assistant in our institute. A high rate of colonization found in healthcare staff during a S. aureus outbreak was reported by Weber et al., 19 and the outbreak was thought to have occurred because of the presence of virulent colonizing considerations in the outbreak strains and the spread of the strain due to diffusion from people (not recognized in our study). In our study, suboptimal compliance under standard regulations of infection control was a liable causative source in the spread of the outbreak strains, which could be deduced via the positive hand culture for MRSA after treatment in surgeon D.
On the other hand, many studies have focused on the MRSA nasal carriage of patients as the source of SSIs.
The most widely described risk factor specific to SSI due to S. aureus is nasal colonization in patients. 21 The risk of S. aureus nosocomial infections is greater in preoperative carriers than in non-carriers, and almost patients who develop SSIs already have an MRSA colonization. Patients with nasal MRSA carriage are at greater risk for nosocomial S. aureus bacteremia than control groups. 22 However, this is additionally understandable from the previous documented data, wherein preoperative nasal or hand carriage does not explain all of the SSIs. 23 Given that routine preoperative screening for S. aureus in patients was not conducted in our study, we could not assess this risk factor. However, the potential benefits and harms of using decontamination for the prevention of SSI remain uncertain. 24 Our study confirmed that nasal colonization of MRSA we could manage the SSI outbreak and no additional SSIs were detected. There is some evidence to suggest that the screening of healthcare workers, in principle, acceptable to both patients and healthcare workers. However, evidence regarding its effectiveness in the prevention and control of MRSA in the endemic setting is limited.
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The optimal antibiotic prophylactic regimen for MRSArelated SSI prevention has not been identified thus far.
We currently have no evidence to confirm that preoperative administration of multiple antibiotics or long-term antibiotics administration is beneficial for controlling and preventing MRSA-related SSIs. 25 We also analyzed other risk factors for SSIs due to MRSA. Longer operation duration is a well-known perioperative risk factor for SSI 26 and for S. aureus-related SSIs. 21 Cancer-related surgery was also identified as a significant risk factor for SSI. 26 However, in this study, longer operation duration and cancer-related surgery showed no significant differences in terms of incidence of SSI, despite the fact that those factors were significant in the univariate analysis before propensity score matching. This difference could be associated with a difference in patient populations, surgical field, as well as our somewhat smaller population size. 
